Either N03-(16 mifimolar) or NH4' (1 milar) completely inhibited infection and nodulatlon of white clover seedlngs ( Trifoli repens) inoculated with R m tfol. The bing of R. trffoi to root hairs and the immnocly detectable levels of the plant lectn, trifoli, on the root hair surface had parallel decliing sopes as the concentration of either N03-or NH4' was increased in the rooting medium. This supports the role of trifdlhin In bbindg R. trifoli to clover root hairs. Agglutination of R. trifoli by trifoffln from seeds was not inhibited by these levels of NO3-or NHEV. The results suggest that these fixed N ions may play important roles in regulating an early recognition process in the Riobiumclover symbiosis, namely the accumulation of high numbers of infective R. trfoli cells on clover root hairs.
Nitrogen required by legumes can be satisfied by the symbiotic N2-fixing activities of rhizobia in root nodules. Fixed N is one of the many environmental factors which can influence the development of this N2-fixing symbiosis (10, 12, 22) . The concentrations of N03 and NH4+ which prevent nodulation are well below the concentrations necessary to cause injury to Rhizobium or the host plant (24) . Studies using split root systems showed that inhibition of nodulation by NO3 is localized, affecting only those roots which have grown in the N03 solution (24) . Nitrate inhibits clover and alfalfa r9ot hair deformation and infection by Rhizobium (15, 18, 23) , indicating that fixed N effects occur long before onset of nodulation and symbiotic N2 fixation. The legume host is the primary target for the fixed N effect (14, 18, 21) . Nitrite reduced from N03 by rhizobia plays no significant role in the process (13) .
Recent studies have shown that a carbohydrate-binding protein, trifoliin, accumulates on root hairs of young clover seedlings (9) . Trifoliin binds specifically to the microsymbiont of clover, Rhizobium trifolii, and may possibly serve as a symbiotic recognition protein for binding of trifolii to clover root hairs prior to infection (6) (7) (8) (9) . The purpose of this study was to examine the effects of fixed N on this recognition process occurring at the clover root hair surface. 1:20 with M buffer) in plastic tubes (12 x 75 mm, Falcon, Oxnard, Calif.) with intermittent shaking at 37 C. After 1 hr, the antiserum was removed, the roots were rinsed three times with M buffer, and then incubated with FITC-labeled goat antirabbit y-globulin (0.4 ml, diluted 1:5 in M buffer). After 1-hr incubation at 37 C, the roots were washed three times with filtered Fahraeus solution, mounted on glycerol, and examined for maximum immunofluorescence in the root hair region (9) . Immunofluorescent light intensity, measured as photovolts/mm2, was corrected by subtracting background autofluorescence (15) (16) (17) (18) (19) (20) v/mm2) and nonspecific binding of FITC-labeled goat antirabbit y-globulin following preincubation of roots with normal, preimmune rabbit serum. Previous studies (9) showed that the nonspecific binding of goat antirabbit -y-globulin following preimmune serum corresponded to 0.7% of the relative maximal value of the homologous immune reaction on the roots, illustrating the high degree of specificity of the indirect immunofluorescence reaction.
MATERIALS AND METHODS
Trifoliin Quantitative Agglutination Assay. Trifoliin was incubated with M buffer containing 16 mM KNO3 or I mm NH,' acetate for I hr at 30 C, and then assayed for agglutination of R.
trifolii using M buffer (6, 9) These observations prompted us to look in more detail at the effect of fixed N on the quantitative adsorption of R. trifolii to clover root hairs. We used an assay (8) which employs a relatively low inoculum (5 x 106 cells/plant) and only scores those bacterial cells with their surfaces in physical contact with the root hair cell wall. Microscopic counts of bacteria on root hairs 200 ,um in length allowed comparisons based on standard surface areas of root hairs in similar states of physiological development (8) . The results are shown in Figures 2 and 3 . In the absence of exogenous fixed N, approximately 24 cells were adsorbed/root hair 200 tim in length.
The adsorption of cells to root hairs was reduced to two to four cells at concentrations of N03 or NH4' that completely inhibit infection. This is the same number of cells that binds to root hairs within 12 hr if noninfective R tri/olii mutant strains, heterologous rhizobia which do not infect clover, or heat-killed infective R.
trifolii are used (8) . These low counts are subtracted for correction since they are due to nonspecific attachment to root hairs. Inhibition of N2 fixation by fixed N in soil is viewed as an important limitation to the exploitation of biological N2 fixation by cultivation of legumes in symbiosis with rhizobia. This study identifies one of the primary consequences ofthe presence of fixed N, and now allows us to study this fundamental process more directly at the molecular level.
